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Abstract
Sex – a marker of biological and social individual differences – matters for drug use, particularly 
for cigarette smoking, which is the leading cause of preventable death in the United States. More 
men than women smoke, but women are less likely than men to quit. Resting state brain function, 
or intrinsic brain activity that occurs in the absence of a goal-directed task, is important for 
understanding cigarette smoking, as it has been shown to differentiate between smokers and non-
smokers. But, it is unclear whether and how sex influences the link between resting state brain 
function and smoking behavior. In this study, we demonstrate that sex is indeed associated with 
resting state connectivity in cigarette smokers, and that sex moderates the link between resting 
state connectivity and self-reported nicotine dependence. Using functional magnetic resonance 
imaging and behavioral data from 50 adult daily smokers (23 women), we found that women had 
greater connectivity than men within the default mode network, and that increased connectivity 
within the reward network was related to increased nicotine tolerance in women but to decreased 
nicotine tolerance in men. Findings highlight the importance of sex-related individual differences 
reflected in resting state connectivity for understanding the etiology and treatment of substance 
use problems.
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Sex matters for drug use (Wetherington, 2007). Sex differences in cigarette smoking are of 
particular concern (SAMHSA, 2012; USDHHS, 2012). Risk of smoking-related death 
increased for women across the last 50 years, while remaining stable for men across the last 
30 years (Thun et al., 2013). Furthermore, there are notable sex differences in smoking 
motivation and cessation: Compared to men, women are more likely to use cigarettes in 
response to non-pharmacological factors (Perkins et al., 2001), and less likely to use 
cigarettes for the pharmacological effects of nicotine (Perkins, Jacobs, Sanders, & Caggiula, 
2002), to initiate cessation, and to succeed when they do try to quit (USDHHS, 2012). 
Treatment may be more successful in men than in women because it is easier to attenuate 
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pharmacological effects of smoking (e.g., through nicotine reduction therapy) than it is to 
avoid exposure to non-pharmacological smoking cues (see Perkins & Scott, 2008).
An opportunity to understand individual, including sex, differences in substance use is 
provided by examinations of brain function (reviewed in Andersen, Sawyer, & Howell, 
2012; Beltz, Blakemore, & Berenbaum, 2013), particularly resting state brain function 
(Sutherland, McHugh, Pariyadath, & Stein, 2012). This “endogenous” brain activity that 
occurs in the absence of a goal-directed task is thought to explain the brain’s large metabolic 
demand, and thus, to reflect the brain’s physiological baseline and an individual’s 
psychological baseline (Gusnard & Raichle, 2001). Resting state brain function has been 
shown to mark neuropsychiatric disease; for example, it is atypical in individuals with 
attention deficit hyperactivity disorder and depression (reviewed in Fox & Greicius, 2010), 
and in substance users (e.g., Gu et al., 2010; Weiland, Sabbineni, Calhoun, Welsh, & 
Hutchison, 2015).
Resting state brain function shows sex differences and has been associated with cigarette 
smoking (Biswal et al., 2010; Sutherland et al., 2012). Female smokers appear to have 
greater resting state connectivity than male smokers between the hippocampus and other 
brain regions, according to exploratory analyses (Wetherill, Jagannathan, Shin, & Franklin, 
2014), but such differences in brain connectivity have not been examined in relation to 
smoking behavior. Resting state connectivity has also been seen to be reduced in dependent 
smokers who are deprived of nicotine (Cole, Beckmann, et al., 2010; Hong et al., 2009). 
This suggests that resting state connectivity is affected by transient nicotine states (i.e., 
fluctuating with smoking-related behavior), but leaves unanswered questions about the link 
between connectivity and smoking-related traits (i.e., relatively stable smoking 
characteristics).
Two resting state networks (spatially distinct brain regions with synchronous endogenous 
activity) particularly important for smoking are the default mode network (DMN) and the 
reward network. The DMN includes several regions of interest (ROIs), such as the posterior 
cingulate cortex, medial prefrontal cortex, and lateral parietal regions; it is a task-negative 
network (more active during rest than tasks) and supports unconstrained and evaluative 
processing (Raichle et al., 2001). Women (both smokers and non-smokers) have greater 
connectivity than men in this network (Biswal et al., 2010; Wetherill et al., 2014). The 
reward network, including the striatum and orbitofrontal cortex, is a task-positive network 
(more active during tasks than rest) and supports the processing of appetitive stimuli (Cole, 
Beckmann, et al., 2010; Janes, Nickerson, Frederick, & Kaufman, 2012). Sex differences in 
this network have not been studied, but are likely, given evidence from other neuroimaging 
studies. In a blood oxygen level-dependent (BOLD) functional magnetic resonance imaging 
(fMRI) study examining neural responses to images of cigarettes, female smokers were seen 
to have greater activity than male smokers in the striatum (part of the reward circuitry that 
facilitates conditioning; McClernon, Kozink, & Rose, 2008). (A failure to replicate this 
finding is difficult to interpret because of methodological variations; Wetherill et al., 2013). 
In a study using positron emission tomography (PET) examining dopaminergic responses to 
smoking, men showed a faster response in the striatum than did women, consistent with sex 
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differences in pharmacological versus non-pharmacological smoking motivations (Cosgrove 
et al., 2014).
Smoking-related sex differences in brain activity are likely to relate to nicotine dependence, 
since highly-dependent smokers have the most difficulty quitting (Hymowitz et al., 1997). 
Some important dimensions of nicotine dependence represent understudied stable, smoking-
related traits. One is tolerance, or reduced sensitivity to the effects of nicotine. Although 
changes in nicotine sensitivity can be acute, tolerance is often conceptualized and assessed 
as a chronic decrease in the response to nicotine that results from repeated cigarette use 
(Shiffman, Waters, & Hickcox, 2004). Two others concern a narrowing of the smoking 
repertoire, in which a user’s smoking rate (continuity) and style (stereotypy) are not 
influenced by circumstances or surroundings (Shiffman et al., 2004).
We studied sex differences in resting state brain function of cigarette smokers measured 
with fMRI and links to nicotine dependence, a key aspect of smoking behavior. Our work 
follows from evidence of sex differences in resting state brain function and links between 
resting state brain function and cigarette use, and fills a gap by associating sex-related 
differences in the brain and smoking behavior. We hypothesized (a) that women would have 
greater connectivity than men in the DMN (consistent with other work; Biswal et al., 2010; 
Wetherill et al., 2014) and in the reward network (consistent with task-based BOLD fMRI 
findings; McClernon et al., 2008), and (b) that sex would moderate links between resting 
state connectivity and self-reported nicotine dependence, focusing on tolerance, continuity, 
and stereotypy traits.
Methods
Participants
Participants were 51 cigarette smokers (28 men, 23 women), aged 18 to 45 years. One male 
participant was excluded because he fell asleep during resting state data collection, so 
analyses included 50 participants with complete, usable data. All participants were recruited 
through community radio and newspaper advertisements, right-handed, and native English 
speakers who provided informed consent. Inclusion criteria were smoking at least 10 
cigarettes per day for the past 12 months, no plans to quit smoking, no cardiovascular or 
respiratory disease during the previous year, no use of psychiatric medications, no current 
dependence on a substance other than nicotine based upon a brief structured interview 
(substance-related sections of the Mini-International Neuropsychiatric Interview), and no 
current depression (defined as a score > 16 on the Center for Epidemiologic Studies 
Depression Scale). There were no significant sex differences in demographic or smoking 
characteristics, with means and standard deviations shown by sex in Table 1. Men and 
women did not differ on age, t(48) = −1.29, p > .05, race, χ2(3, N=50) = 1.24, p > .05, 
number of years of education, t(48) = −.06, p > .05, number of years smoked, t(48) = −.24, p 
> .05, number of cigarettes smoked per day, t(48) = 1.14, p > .05, or carbon monoxide (CO) 
expired at the baseline or experimental session, t(48) = −.83, p > .05, and t(48) = .36, p > .
05, respectively. Sample data on the neural correlates of smoking expectancy have been 
previously reported (Wilson et al., 2014).
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Procedures
Participants visited the lab for two sessions (details provided in Wilson et al., 2014). In the 
baseline session, participants provided an expired-air CO sample to verify smoking status 
(≥10 parts per million; BreathCo, Vitalograph, Lenexa, Kansas), completed self-report 
measures on smoking behavior, and were scheduled for a separate, two-hour experimental 
session. They were instructed to abstain from smoking and using nicotine-containing 
products for the 12 hours preceding the experimental session.
In the experimental session, participants reported the last time they smoked a cigarette and 
provided a CO sample to verify smoking abstinence, and thus, compliance with the 
deprivation instructions; they were required to have a CO level that was half of their 
baseline session sample or less in parts per million (rounded to the nearest integer), a cutoff 
used in similar studies (e.g., Wilson, Sayette, & Fiez, 2012). All participants met this 
requirement (sample CO reduction: M = 68%, SD = 12%). Participants then provided MRI 
data, including resting state data in a 5 min. 20 s. functional scan; this is a sufficient amount 
of time to acquire reliable resting state brain function measurements for group difference 
tests in network connectivity (Cole, Smith, & Beckmann, 2010; Van Dijk et al., 2010). 
During this scan, participants were instructed to relax, keep their eyes closed, not think of 
anything in particular, and stay awake.
Measures
Nicotine dependence—Nicotine dependence was assessed with the 19-item self-report 
Nicotine Dependence Syndrome Scale (NDSS; Shiffman et al., 2004). Participants indicated 
how true smoking-related statements were of them on a Likert-type scale from 1 (not true at 
all) to 5 (extremely true). The NDSS provides a multidimensional operationalization of 
nicotine dependence, with the three subscales that can be conceptualized as smoking-related 
traits considered here: tolerance (reduced sensitivity to the effects of smoking), continuity 
(regularity of smoking or smoking without interruption), and stereotypy (fixed smoking 
pattern, impervious to context). The NDSS is reliable, with the three subscales of interest 
having internal consistencies ranging from .55 to .70 and test-retest reliabilities ranging 
from .71 to .77 (Shiffman et al., 2004). It is also valid, concurrently related to other 
measures of nicotine dependence and predictive of smoking cessation (Shiffman et al., 
2004). Composite scores were created using procedures standard for the measure: For each 
subscale, participants’ raw data were combined with regression-based intercept and 
orthogonal factor scores generated during measure validation (Shiffman et al., 2004); high 
values reflect high dependence.
Resting state brain function—MRI data were collected using a 3-Tesla Siemens Trio 
scanner. For resting state scans, a series of 160 functional volumes was acquired using an 
echo-planar imaging pulse sequence (TR=2,000ms; TE=25ms; flip angle=80°; 64x64 
matrix; 34 slices; 3mm3 voxels). For registering functional data to standard space, high 
resolution three-dimensional structural volumes were acquired using a T1-weighted 
magnetization-prepared rapid gradient echo sequence.
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Preprocessing: Preprocessing was conducted using the fMRI Expert Analysis Tool Version 
6.00 in FSL (www.fmrib.ox.ac.uk/fsl; Jenkinson, Beckmann, Behrens, Woolrich, & Smith, 
2012). The following steps were applied to the data: removal of the first four volumes to 
ensure magnetic field stabilization; motion correction using linear registration; slice-timing 
correction; non-brain removal; spatial smoothing using a 6mm full-width at half-maximum 
Gaussian kernel; grand-mean intensity normalization of the four-dimensional dataset by a 
single multiplicative factor; highpass temporal filtering (sigma=100.0 s) to remove BOLD 
signal occurring at less than .01 Hz. Motion correction included covarying six movement 
vectors from the data (X, Y, Z, pitch, yaw, roll). Registration to Montreal Neurological 
Institute stereotaxic space was carried out using linear registration, further refined with 
nonlinear registration. Whole-brain and physiological noise (e.g., cardiac and respiratory 
signal) reflected in white matter (central coordinate: x=26, y=−12, z=35) and cerebral spinal 
fluid (central coordinate: x=19, y=−33, z=18) ROIs was covaried from the data; ROI size 
depended upon brain size, as described below. This is a meaningful way to increase the 
signal to noise ratio in resting state networks that are derived from BOLD signal in gray 
matter ROIs (Chang & Glover, 2009).
ROI selection and time series extraction: Four a priori ROIs defined each network. They 
are listed in Table 2 along with their central coordinates, selected from past resting state 
research. ROI size was scaled according to participant brain volume to account for the sex 
difference in brain size (for a discussion of correcting for sex differences in brain size, see 
Beltz et al., 2013). In this sample, brain size (sum of gray matter and white matter volumes) 
was significantly greater in men (M = 1266 cm3, SD = 99 cm3) than in women (M = 1098 
cm3, SD = 91 cm3), t(48) = 6.20, p < .001, d = 1.76. ROIs with 6.5 mm radii were used for 
the median brain size and linearly scaled for other sizes, spheres were created around the 
central coordinates of ROIs, and mean BOLD signal across voxels was extracted for each 
volume. Figure 1 shows the median brain DMN ROIs (red in sagittal and axial slices) and 
reward network ROIs (blue in coronal slice) overlaid on a standard brain template (in 
radiological orientation).
Functional connectivity: Functional connectivity was computed in several steps (van den 
Heuvel & Hulshoff Pol, 2010; Zhou et al., 2009). First, Pearson product moment 
correlations were used to quantify the functional connectivity among the six pairs of ROIs 
within each network; the time series of each ROI was correlated with the time series of 
every other ROI in the same network. Second, correlations were transformed to a normal 
distribution using Fisher’s r-to-z` transformation because Pearson r is not normally 
distributed; this created z(r) scores and facilitated the combination of correlations across 
networks and their comparison across participants (see e.g., Van Dijk et al., 2010). Third, 
principal component analyses (PCAs) were used to create network composite scores. PCAs 
were conducted on the covariance matrices of the six centered z(r) scores constituting each 
network, extracting one component. No rotation was conducted, so the single components 
reflect the maximum network variance explained by the contributing z(r) scores and can be 
interpreted as the dominant functional process among a set of ROI pairs, independent of 
other processes. The first component explained 55% of the variance in the DMN, and 
connectivity between the MPFC and RLP contributed the most with a component loading 
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of .88. The first component explained 45% of the variance in the reward network, and 
connectivity between the RS and LOFC contributed the most with a component loading of .
85. Fourth, component loadings were used to compute regression-based composite scores 
for each participant.
Data Analysis Plan
Type I error was set at .05 and age was a covariate in all analyses. There was a large age 
range in this sample, and age is related to resting state connectivity (e.g., Dosenbach et al., 
2010) and smoking behavior (e.g., number of years smoked, r(48) = .64, p < .001). Baseline 
CO was a covariate in analyses concerning nicotine dependence, in order to control for any 
state-like effects of nicotine satiety participants experienced while completing the NDSS. 
Some links between nicotine dependence and resting state connectivity in smokers are 
affected by satiety and related to CO (e.g., Hong et al., 2009).
Analyses of covariance (ANCOVAs) were conducted to examine sex differences in the 
resting state connectivity of smokers. The independent variable was sex, dependent variables 
were the composite scores from PCAs characterizing connectivity within the DMN and 
reward network, and the covariate was age. Effect size (η2p) was reported for significant 
results.
Hierarchical multiple regressions were conducted to identify sex-moderated links between 
resting state connectivity and nicotine dependence. Age and baseline CO were entered in 
step 1, sex and DMN or reward network connectivity were entered in step 2, and the 
interaction of sex and network connectivity was entered in step 3. Dependent variables were 
the NDSS tolerance, continuity, and stereotypy subscales. Effect size (ΔR2) was reported for 
all steps, and confidence intervals were provided for variables within significant steps.
Results
Results of ANCOVAs examining sex differences in resting state connectivity revealed the 
expected significant sex difference in connectivity within the DMN, F(1,46) = 4.83, p < .05, 
η2p = .09, with connectivity greater in women (M = .28, SD = 1.08) than in men (M = −.24, 
SD = .87). There were no significant sex differences in connectivity within the reward 
network, F(1,46) = .90, p > .05, but means were in the expected direction (women: M = .14, 
SD = 1.07; men: M = −.12, SD = .94). Age was not a significant covariate in either case, 
F(1,46) = 2.86, p > .05 and F(1,46) = .20, p > .05, and analyses without age provided the 
same pattern of results.
Hierarchical regressions examining sex moderation of links between resting state 
connectivity and nicotine dependence assessed with the NDSS revealed significant effects 
for the reward network, but not for the DMN. Table 3 shows results for sex moderation of 
links between connectivity within the reward network and nicotine dependence. Only 
models (steps) significant at Type I error of .05 are interpreted in the text, but all models are 
shown in the table for completeness and to inform future work. Sex moderated the link 
between reward connectivity and nicotine tolerance (step 3), with age a significant covariate 
(step 1). The nature of the interaction is plotted in Figure 2, with simple correlations for each 
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sex: Increased connectivity was associated with increased tolerance for women, but with 
decreased tolerance for men.
There were no significant effects of DMN, sex, or their interaction on nicotine dependence 
assessed with the NDSS. Step 1 model results are the same as those presented in Table 2 for 
the reward network. Step 2 models revealed no main effects, F(4,45) = 2.53, p > .05, ΔR2 = .
00, F(4,45) = .64, p > .05, ΔR2 = .04, and F(4,45) = 1.52, p > .05, ΔR2 = .02 for tolerance, 
continuity, and stereotypy, respectively. Step 3 models also revealed no interactions, F(5,44) 
= 2.23, p > .05, ΔR2 = .02, F(5,44) = 1.04, p > .05, ΔR2 = .07, and F(5,44) = 1.22, p > .05, 
ΔR2 = .00, respectively. Excluding covariates (i.e., step 1) did not alter the pattern of results 
revealed in the regression analyses.
Discussion
The goal of this study was to identify how sex differences in resting state connectivity are 
linked to self-reported smoking behavior, and thus, to illustrate how resting state brain 
function reflects individual differences important for addiction. Using fMRI and behavioral 
data from 27 male and 23 female adult regular smokers, we examined sex differences in 
resting state connectivity in the DMN and reward networks, and sex-moderated links 
between connectivity and self-reported trait-like dimensions of nicotine dependence, 
extending past work on state-like dimensions of dependence (Cole, Beckmann, et al., 2010; 
Hong et al., 2009).
Results concerning DMN connectivity partially confirmed expectations. As predicted, 
connectivity within the DMN was greater in women than in men, with a small-to-moderate 
effect size, consistent with evidence from smokers and non-smokers (Biswal et al., 2010; 
Wetherill et al., 2014). But, this sex difference did not relate to nicotine dependence. This 
might suggest that smokers have DMN connectivity that is typical for their sex (i.e., women 
have greater DMN connectivity than men regardless of smoking status), or that DMN 
connectivity is only related to smoking states (e.g., modulated by nicotine withdrawal and 
replacement; Cole, Beckmann, et al., 2010), and not to smoking-related traits.
Results concerning reward connectivity also partially confirmed expectations. There was no 
sex difference in reward connectivity (consistent with the task-based fMRI study of 
Wetherill et al., 2013), but sex did moderate the link between reward connectivity and self-
reported nicotine tolerance, with a small effect size. Increased connectivity within the 
reward network was associated with increased tolerance in women but with decreased 
tolerance in men. This finding is consistent with those from fMRI and PET studies showing 
that reward-related brain regions (particularly the striatum) facilitate women’s (more than 
men’s) smoking through non-pharmacological factors (Cosgrove et al., 2014; McClernon et 
al., 2008) and with data showing that tolerance is the only NDSS subscale associated with 
non-pharmacological reasons for smoking (Shiffman et al., 2004). To the extent that non-
pharmacological factors influence women’s (more than men’s) difficulty in quitting 
smoking, these findings have implications for aiding cessation in women. For example, 
personalized interventions that use resting state connectivity as a marker of treatment 
efficacy could help women extinguish learned associations between environmental cues and 
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smoking rewards (Fox & Greicius, 2010) and are likely to be more beneficial than currently 
available treatments, such as nicotine replacement patches, which are most effective for men 
(Perkins & Scott, 2008).
Findings concerning the DMN and reward network provide an interesting contrast: There 
was a sex difference in DMN connectivity that was not related to self-reported smoking 
behavior, whereas there was not a significant sex difference in reward connectivity despite 
reward connectivity being related to behavior in a sex-dependent fashion. This pattern 
highlights an important, but oft forgotten, characteristic of individual differences that is 
relevant to neuroimaging research: The interpretation of individual differences in one 
domain or level of analysis may also depend on individual differences in another domain or 
level of analysis. For example, not every sex difference in the brain is linked to behavior 
because some brain-based sex differences compensate for others (De Vries, 2004). Some sex 
differences in brain function actually offset the sex difference in brain size; small and large 
brains simply operate differently in order to perform the same task. Other sex differences in 
brain size, however, are not equalized by brain function and relate to behavioral sex 
differences (see examples in Beltz et al., 2013).
Sex differences in smoking-related brain and behavioral processes reflect how the 
prototypical male smoker differs from the prototypical female smoker, but there is 
variability in the extent to which individuals are typical for their sex. It is important to 
specify the sources of the sex-related individual differences that underlie sex-typed DMN 
connectivity and the reward network-tolerance link. In other words, what exactly is it about 
being male or female that matters for the neural substrates of smoking? Possibilities include 
sex hormones, neurotransmitters, genes, hypothalamic-pituitary adrenal axis function, and 
experience (Andoh et al., 2008; Cosgrove et al., 2012; Ray et al., 2006; Richards et al., 
2011). Among the possibilities, sex hormones are the most promising for future 
investigations. For example, menstrual cycle phase has been linked to subjective smoking 
experiences, particularly during cessation attempts (reviewed in Carpenter, Upadhyaya, 
LaRowe, Saladin, & Brady, 2006), and to differences in brain responses to smoking cues 
(Mendrek, Dinh-Williams, Bourque, & Potvin, 2014).
Our results should be interpreted with respect to features of the study design. First, 
menstrual cycle phase was not considered, but this actually decreased our ability to detect 
sex differences. Second, we did not find sex differences in nicotine dependence assessed 
with the NDSS; this may reflect varying sex differences in self-report versus experimental 
manipulations (e.g., Perkins et al., 2001). Third, we found that resting state connectivity was 
only related to one of three stable dimensions of self-reported nicotine dependence. This 
may suggest that our finding is not robust (i.e., it is a chance result from analyses that were 
not corrected for multiple comparisons) even though it is consistent with behavioral work 
showing that the theoretically and statistically orthogonal dependence dimensions have 
differential links with addiction-related behavior (Shiffman et al., 2004; Wilson & MacLean, 
2013).
Fourth, our confirmatory analysis approach complements exploratory work on sex 
differences in the resting state connectivity of smokers (Wetherill et al., 2014), but required 
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several assumptions. Resting state networks were defined a priori, and functional 
connectivity was characterized by correlations and PCAs, a powerful data reduction 
technique that streamlines interpretation (see e.g., Zhou et al., 2009). PCAs create a data-
driven network composite, allowing some ROI relations to contribute to the network 
representation more than others and permitting a single inferential test. Although ROI-based 
PCA analyses have some disadvantages (e.g., ROI selection can limit inferences about 
systems-level brain function), alternative approaches, such as seed-based correlations and 
independent component analysis, are exploratory and require multiple comparisons and post 
hoc interpretation of results, making them suboptimal for the hypothesis-driven analyses 
conducted here (see van den Heuvel & Hulshoff Pol, 2010).
Conclusions
Resting state brain function reflects biological and social processes underlying sex 
differences in multiple domains, including substance use and addiction. Utilizing fMRI data 
from male and female regular smokers, we found that a sex difference in one resting state 
network (the DMN) was not linked to self-reported trait-like dimensions of nicotine 
dependence, but that another network (reward network) was related to nicotine dependence 
in a sex-dependent fashion, such that increased connectivity was related to increased 
tolerance in women, but to decreased tolerance in men. These findings are important for 
public health, by suggesting that resting state brain function is a mechanism underlying sex 
differences in smoking that might be leveraged to help women quit (e.g., through monitoring 
the efficacy of personalized interventions that tap non-pharmacological rewards associated 
with cigarette use). Moreover, our approach illustrates how studying individual differences 
reflected in resting state brain function and substance use can be examined – and understood 
– in tandem.
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Figure 1. 
Resting state network ROIs for the median brain volume (i.e., ROIs with a 6.5mm radius) 
overlaid on a Montreal Neurological Institute stereotaxic space brain in radiological 
orientation at x = −5, y = 11, and z = 35. DMN ROIs (posterior cingulate cortex, medial 
prefrontal cortex, right and left lateral parietal lobules) are in red and shown in the sagittal 
and axial slices. Reward network ROIs (right and left striatum, right and left orbitofrontal 
cortices) are in blue and shown in the coronal slice. DMN: default mode network.
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Figure 2. 
Relation between reward connectivity and self-reported nicotine tolerance by sex. Sex-
moderation significant by hierarchical multiple regression at p < .05, with effects of age and 
baseline carbon monoxide controlled in step 1, main effects of sex and connectivity 
estimated in step 2, and interaction of sex and connectivity estimated in step 3. Unadjusted 
data points and zero-order correlations (ps > .05) are shown for ease of interpretation. Data 
points for men are shown as black squares, with a black linear trend line. Data points for 
women are shown as gray circles, with a gray linear trend line.
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Table 1
Sample demographics and smoking characteristics by sex
Men Women Total
N 27 23 50
Age M (SD) 24.4 (5.9) 26.9 (7.6) 25.6 (6.8)
Race
% White
93 87 90
Total years of education M (SD) 13.8 (3.2) 13.9 (2.9) 13.9 (3.0)
Number of years smoked M (SD) 5.2 (4.4) 5.5 (6.3) 5.3 (5.3)
Number of cigarettes smoked per day M (SD) 15.7 (3.7) 14.6 (3.3) 15.2 (3.5)
Baseline CO (in ppm) during behavioral data collection M (SD) 19.6 (7.2) 22.1 (9.1) 20.7 (8.1)
Experimental CO (in ppm) during imaging data collection M (SD) 6.5 (2.5) 6.2 (3.3) 6.4 (2.9)
Note. M: mean; SD: standard deviation; CO: carbon monoxide; ppm: parts per million. No significant sex differences, examined with a chi-square 
test of independence for race and two-tailed t-tests for all other variables with a Type I error of .05; see text for test results.
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Table 2
Network ROIs and their central coordinates
Resting state network ROIs ROI central coordinates (in MNI space: x, y, z) References
DMN PCC −5, −49, 40 (Biswal et al. 2010; Van Dijk et al. 2010)
MPFC −1, 47, −4
RLP 46, −62, 32
LLP −45, −67, 36
Reward RS* 12, 7, 13 (Cole, Beckmann et al. 2010; Janes et al. 2012)
LS* −12, 7, 13
ROFC 36, 16, −26
LOFC −28, 12, −20
Note. ROI: region of interest; MNI: Montreal Neurological Institute; DMN: default mode network; PCC: posterior cingulate cortex; MPFC: medial 
prefrontal cortex; RLP: right lateral parietal; LLP: left lateral parietal; RS: right striatum; LS: left striatum; ROFC: right orbitofrontal cortex; 
LOFC: left orbitofrontal cortex.
*
MNI coordinates converted from Talairach space (using algorithm by Lacadie, Fulbright, Rajeevan, Constable, & Papademetris, 2008).
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